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Ultrasound imaging
in rehabilitation
Real-time ultrasound imaging is currently used
extensively in medicine. It provides asafe, cost-
effective and readily accessible method of
examination of various organs and tissues.
Furthermore, real-time ultrasound imaging has
the potential· to be of considerable benefit in
rehabilitation. Possible applications in
physiotherapy practice and research relate to
measurement of muscle size and observation
and monitoring of muscle contraction while it
actually occurs. This may be useful for muscle
rehabilitation and re-education, especially in
the case of deep muscles, which are often
difficult to assess.
[Hides JA, Richardson CA, Jull GA and Davies SE:
Ultrasound imaging in rehabilitation. Australian
JournalofPhysiotherapy41: 187-193]
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ver the past 40 to 50 years,
ultrasound technology has
developed to a stage where it has
found widespread application in
medicine. In medicine, real-time
ultrasound imaging allows rapid
evaluation ofmorphology and
pathomorphological changes in a
number of organs and tissues. It is used
extensively ingynaecology and
obstetrics, internal medicine, surgery,
orthopaedics, sports medicine,
neurology and paediatrics. In the
orthopaedic and sports medicine fields,
ultrasound imaging has been used
successfully in diagnosis of
musculoskeletal conditions. Now there
is an emerging role for its use both in
physiotherapy practice ap.d research.
The advantages of ultrasound imaging
for use in practice and research in the
evaluation ofthe musculoskeletal
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compared with ultrasonography. Due
to this fact, measurement using CT
scanning and MRI is thought to be less
dependent on the expertise of the
operator than is ultrasound imaging.
However, their very real disadvantages
include limited ·accessibility, .high
examination costs (especially forMRI)
and exposure to ionising radiation (for
CT).
This review will focus on the use of
ultrasound imaging to assist in the
assessment of the efficacy of
physiotherapy treatment on the
muscular system. This can be done via
direct measurement of muscle size.
The use of real-time ultrasound
imaging for visual feedback for.muscle
re-education will also be introduced.
This latter technique has the potential
to contribute to present and future
rehabilitation methods.
1. Direct measurement of
muscle size
Ultrasound imaging allows generation
of measurements of muscle size in
cross--section, thus providing a method
of direct assessment of muscle atrophy
and hypertrophy. Physiotherapists
have traditionally assessed muscle bulk
by limb circumference measurements.
The disadvantages of limb
circumference measurements by a tape
measure are that individualmuscle5
cannot be .measured. These measures
may also seriously underestimate the
los50f size of one muscle group. For
example, external thigh measurements
cannot detect when the quadriceps are
more affected than the hamstrings.
Measurement of the circumference of
an extremity has therefore been
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deemed an unreliable way of
determining the degree of muscle
wasting present (Haggmarkand
Eriksson 1979, Sargeant et a11977).
(a) Repeatability, reliahilityand
validity of ultrasound imaging
for measurement of muscles
Before it can be accepted,
measurement ofmuscle size by
ultrasound imaging must have
proven repeatability, reliability and
validity. Like many other
assessments, measurement by
ultrasound imaging requires
operator expertise. Several studies
have addressed the issue of
variation between repeated
measurements in investigations of
various muscles including the
quadriceps, .anterior tibial muscles
and the lumbar multifidus (Hides
eta11992, Loo and Stokes 1990,
Martinson and Stokes 1991,Stokes
and Young 1986). The results of
these studies indicate that, for
linear measurements of muscle
diameter, the coefficient of
variation (CV) ranged from 2.5 to
7.6 per cent. For circumferential
measurements used to calculate
the cross-sectional area (CSA), the
CVs ranged from 1.2 to 8.4 per
cent. Inter-operator reliabilityhas
been demonstrated in the
measurement of the lumbar
multifidus (Hides·et al1995a). For
muscles measured at the fourth
and fifth lumbar and first sacral
vertebral levels, the CVs ranged
from 4.0 to 5.4 per cent.
Validity of ultrasound muscle size
measurements has been
demonstrated by comparison with
measurements obtained byCT
scanning of the quadriceps (Sipila
and Suominen 1993). Pearson's
co-efficient of correlation was used
to express the correlation between
CSA determined using the two
modalities, which was 0.911
(p < 0.001). No difference was
found when comparing ultrasound
and MRl measurements of the
lumbar multifidus in normal
subjects (Hideset al1995a)and
patients with acute low back pain
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Figure t
Example of a5Mhz con"ex array
transducer (Toshiba Medical Systems,
Australia), similar to that used to produce
the ultrasound images displayed (Figures
2OM4).Note the curved shape at the top of
each image, corresponding to the shape of
the transducer, which was selected for its
capacity to displavthe complex fascial
planes of the muscles imaged.
(Hideset al1995b). In normal
subjects, there was no significant
difference between the two
measures of multifidus CSA
(p > 0.05). Similar results have
been established for a group of
patients with acute low back pain
(p > 0.05). These studies evaluating
the accuracy of ultrasound imaging
are essential, as CT scanning and
MRIare reported to be more
accurate due to better resolution
of images, wider fields of view and
less dependence on operator
expertise.
(b) Limitations and indications for
measurement of muscle size by
ultrasound
It has been proven using direct
measurements of muscle CSA
made by imaging modalities, that
the maximal voluntary contraction
(MVC) which can be generated by
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a muscle (eg quadriceps) is closely
related to its CSA (Young etal
1984 and 1985). In the presence of
pain, strength testing may not be
reliable or appropriate due to
factors such as pain inhibition,
motivation and fear of provocation
of pain. In this situation, size
measurements are important for
measuring muscle ·atrophy (Stokes
and Cooper 1993). Furthermore,
measurements of muscle size can
be indirectly used to reflect the
effects of reflex inhibition
(Morrissey 1989)~ In this situation,
measurement of muscle size is
useful, as it has been proposed that
parts of muscles may be selectively
inhibited. For example, Gerberet,
al (1 985) reported selective
atrophy of the vastusmedialis
muscle using CT scanning.
Furthermore, selective inhibition
of the lumbar multifidus muscle
localised toone vertebral level has
been demonstrated (Hides et al
1994). If partofa muscle can be
selectively inhibited,ultrasound
imaging could be used to provide
assessment of the location of
muscle atrophy, and serial
measurements could be used to
assess the effects of muscle
rehabilitation.
A major consideration for the
usefulness of measurement of
muscle size is the effect of
alteration of muscle density on
ultrasound imaging. Hultman et al
(1993) usedCT scanning to
evaluate muscles of both patients
with chronic low back pain and
normal subjects. They did not
detect a significant difference in
low back muscle cross-sectional
area between the two groups, but
did detect a significant difference
in radiological density.
Furthermore, in a recent MRl
study,Parkkola and Kormano
(1992) demonstrated fatty
infiltration in the lumbar muscles
of older subjects without a history
of low back pain. These changes
could potentially affect both the
quality of ultrasound images and
muscle size. Care is warranted, as
fatty infiltration may also lead to
Figure 2A.
Transverse ultrasound image of the lumbar multifidus muscleatthe fourth lumbar level.
The ultrasound equipment used was anATl UM9 HDI (Advanced Technology
laboratories, 319/320818 Pittwater Rd,Dee Why, NSW2099).
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Figure2B.
The multifidus musc!e(MUlT) is bordered
by the vertebral laminal zygapophvseal
joint (l)inferiorly, the spinous process (SP)
medially, fascia, fat and skin superiorl\'
and the fascia between multifidus and the
lumbar longissimus and iliocostalis
muscles lateraUy (F)m The brightness seen
at the inferior border of the multifidus
muscle is ref~ection (tl) ofsound waves
f~·omthe vertebral lamina and
zygapophyseal joints. Acoustic shadowing
is seen inferior to landmark, as the
ultrasound W6n,es are unable to penetrate
the bone.
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subsequent increases in .muscle size
in the case of muscle pathologies,
eg pseudohypertrophy of muscles
in Duchenne muscular dystrophy
(Cullen and Mastaglia 1982).
Therefore ultrasound imaging,
although very useful, is not
necessarily suitable for all patients
and conditions. Validity studies
would need to be performed in the
particular subject or pathological
group requiring measurement
before the technique is adopted.
(c) Technical.considerations in
measurement
The benefits of a technique which
provides accurate and objective
assessment of muscle size and
change in muscle size are highly
desirable. Before adopting
ultrasound imaging for this
purpose, several technical aspects
must be considered.
Historically, Ikaiand Fulmnaga
(1968 and 1970) were the first to
report on the use of ultrasound
imaging for measurement of
muscle cross-sectional area. They
used compound (or static)
ultrasound imaging. This
technique involved gradual
movement of the transducer
backwards and forwards across the
body so that an image of a cross-
section was gradually built up. The
main advantage of this technique
was that it allowed assessment of
both large muscles and muscle
groups incross-section, eg
measurement of the quadriceps
(Stokes and Young 1986, Younget
al 1980). The main disadvantages
of compound ultrasound imaging
were that it was very time-
consuming and movement could
not be monitored.
Currently, real-time ultrasound
imaging is used. Its main
advantage is that the technique
allows immediate display ofthe
structures located beneath the
transducer. It is these qualities of
convenience and real-time
observation of movement that
make real....time ultrasound imaging
of interest to clinical and research
physiotherapists alike. The most
appropriate transducer must be
selected. Both flat and curved
linear array transducers are
available. Figure 1 demonstrates a
curved (convex) linear array
transducer which has been found
to be an appropriate transducer for
studying the multifidus muscle
(HidesetaI1994). It produces a
well defined image of the complex
fascial planes of this muscle.
Technique ofmeasurement is an
important consideration in
implementing real-time ultrasound
imaging for evaluation .ofmuscle
size. Actual measurement of cross-
sectional area is performed by
tracing around the circumference
of the muscle displayed on the
screen using a cursor. A calculation
of the cross-sectional area (usually
in centimetres squared) is
performed automatically and this
figure is displayed on the screen.
Although this process.of
measurement sounds very simple,
there are several factors which
figure 3A.
Transverse ultrasound image of the abdominal muscles superior and lateral to the
umbilicus.
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need to be taken into
consideration. The operator must
have skill, and a thorough
knowledge of relevant cross-
sectional anatomy, to accurately
and reliably identifY the muscle to
be measured. Delineation of the
muscle to be measured requires
identification ofits surrounding
fascia. The anatomical presence
(or absence) of fascia surrounding
the targeted muscle influences its
suitability for measurement. For
instance, when examining the
lumharmuscles in transverse
section, the multifidus muscle is
encased by fascia and therefore
separated from the adjacent
lumbar longissimus (Figure 2).
However, there is no such fascia
present between the lumbar
longissimus and iliocostalis
muscles, making separation for
individual measurement difficult.
The actual orientation of the fascia
is .also important. The more
perpendicular the orientation of
the fascia is to the ultrasound
beam, the more clearly it will be
displayed, as is the case for· the
abdominal muscles (Figure 3). The
ease of imaging muscle fascia will
decrease as the angle.ofthe fascia
approaches a position parallel to
the ultrasound beam. This occurs
because fewer <echoes will then be
reflected from the fascia back to
the transducer. In the case of the
lumbar muscles, the .fascia
separating the multifidus from the
lumbar longissimus is most
difficult to identify at the fifth
lumbar level. Here the orientation
of the fascia is most perpendicular
to the body surface in transverse
section (Eycleshymerand
Schoemaker 1970), placing it
parallel to the ultrasound beam in
this plane.
The precision required for serial
measurements warrants discussion,
as an application of ultrasound
imaging proposed in this review is
for evaluation of the efficacy of
physiotherapy treatrnenton the
muscular system. Astrict protocol
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enabling repeatable and reliable
relocation of the same ultrasound
imaging site must be established. If
this is not accomplished, error will
be introduced into the
measurements. The amount of
error may then obscure any true
changes which occur in muscle
size. Protocols developed for this
purpose vary. ·Younget al (1980)
used a height measurement taken
from the floor to the scanning site
for standardisation of relocation of
imaging site when measuring the
quadriceps. Other techniques
include use of a transparency to
mark the imaging site, along with
permanent skin blemishes or
anatomical landmarks (Stokes and
Young 1986). The transparency is
then placed over the body part
being measured on subsequent
occasions, to allow a more accurate
re-Iocationofthe imaging site.
Hides et al (1992) used manual
examination and transparencies to
relocate vertebral levels for
repeated measurement of the
lumbar multifidus muscle. Internal
landmarks may need to be used
Figure 3B.
EO =external oblique muscle. 10 =internal
oblique muscle and lR.A= transversus
abdominis muscle. Thedarl< area superior
to the external oblique muscle is
subcutaneous tissue. The skinlayeris
most superficial. Note theweU defined
fascia separating the muscles (The fascia
is white on the actual ultrasound image).
with certain muscles. Due to the
unusual morphology of the
multifidus muscle, the depth of the
muscle varies considerably over
the space of one vertebral leveL
This is evident when the
multifidus is viewed in parasagittal
section (Figure 4). As a
Figure 4A.
Parasagittal ultrasound image of the lumbar multifidus muscle
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figure 48.
Superiorly are the skin line and
subcutaneous tissue. The multifidus fibres
are seen running in a longitudinal
direction inthisimage (~ MUlT---+),as
indicated by the direction of the arrows.
Actual muscle fascicles are visible in this
plane. Inferiorly are the zygapophyseal
joints, from the 1.2/3 jo;'nt to the deep 1..5/51
joint as indicated. The letters A---+B
represent the depth of the multifidus
muscle superior to the LJ/4 zygapophyseal
joint. The depth of the multifidus muscle
increases considerably in the area
between thezygapophyseal joints,
indicated by C~D ..
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consequence, when imaging and
measuring multifidus CSA in
transverse.section, a constant
landmark (the vertebra11amina)
was required to avoid error in
measurement. The lamina is seen
in a transverse ultrasound image of
the multifidus muscle in Figure 2.
(d) Clinical application of
ultrasound measurement
Real-time ultrasound imaging is
used as a direct assessment of
atrophy and hypertrophy of
musc1es(egHides etal1994) and
groups of muscles. It also has the
potential to be used in evaluation
of the efficacy of treatment on the
muscular system through its serial
measurements of muscle CSA. It
has limitations including: an
inability to measure large muscles
in their entirety in cross~section;
the possible effects of pathology
such as .fatty infiltration ·onmuscle
size; and the quality ofimage and
dependence on the expertise of the
operator.
Despite these limitations, the
possible advantages of its use far
outweigh the disadvantages.
Physiotherapists currently are
searching for outcome measures
which adequately reflect the effects
of physiotherapy intervention on
individual muscles (Hides et a1
1995b). Ultrasound imaging could
be used for this purpose and
remains preferable to other
imaging techniques because oflow
examination cost, lack ofexposure
to ionising radiation and ready
availability.
2. Real-time ultrasound imaging
for visual feedback for
muscle re-education
Real-time. ultrasound imaging has been
used for observation of muscle
contraction in research of pelvic floor
(Bersteinet al 1991, Wijmaet al 1991)
and abdominal muscle contraction
both under functional load (Kogutet al
1990) and during a submaxima1
Valsalva manoeuvre·(Cresswell et al
1992). It is proposed here that the
visual feedback of muscle contraction
could be an innovative addition to the
techniques currently used by
physiotherapists in muscle re-
education programs. With real-time
ultrasound, patients can see their
muscles contracting and relaxing on
the monitor and simultaneously feel
the contraction. Depending on the
location of the muscles being
rehabilitated, this technique could be
used in addition to, or independent of,
other biofeedback techniques.
Direct visualisation ofan event is a
potent form of feedback. However,
there are other reasons why the
biofeedback imaging technique might
make a unique contribution to
rehabilitation. Surface electrodeEMG
has proved to be a valuable technique
in muscle rehabilitation, to denote
recruitment and level of activation of
muscles. However, it has two
limitations which can be overcome
with direct visual feedback of muscle
contraction. These are that simple
surface EMG used in clinical practice
cannot reliably provide feedback on
muscle fatigue and it cannot assess
deep muscle contraction. There now is
considerable interest in specific
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rehabilitation of deep muscles because
of their important role in joint
stabilisation (Bergmark 1989). This is
inclusive of muscles such as the lumbar
multifidus (Kalimo et al 1989, Panjabi
et a11989, Wilke et a11995) the
transversus abdominis (Cresswell etal
1992) and gluteus medius and minimus
(Gottschalket al 1989). Real-time
ultrasound imaging allows feedback of
these muscles' performance.
Furthermore, it has been shown that
certain parts of a muscle may be
specifically inhibited as occurs with the
segmental inhibition of the.ffiultifidus
muscle in patients who have acute low
back pain (Hidesetal 1994). In these
cases, ultrasound imaging provides
verification of very specific muscle
activation exercises.
This biofeedback imaging technique
currently is being trialled by the
authors on low back muscles, and has
been found to be especially useful in
the specific rehabilitation of the
lumbar multifidus muscle. The muscle
to be contracted may be imaged either
in cross....section or longitudinally. In
the initial programs carried out to date,
the latter method seems to be more
successful (Figures 4a and 4b). '-Vhen
the muscle to be contracted is imaged
longitudinally, the patient car: see the
muscle fascicles. On muscle
co~traction, the depth (thickness) of
the muscle increases as the muscle
fibres shorten.
Once the targeted muscle can be
effectively activated, ultrasound also
allows the length of contraction time
to be measured. The importance of
increasing the endurance of paraspinal
muscles in patients who have low back
pain has been recognised (Moffroid et
al 1993). The lumbar multifidus
muscle has been shown to fatigue
faster in patients who have low back
pain, than in asymptomatic control
patients (Biedermann et al 1991).
Using ultrasound imaging, exercise
regimes for enhancing muscle
endurance can therefore be progressed
by increasing the contraction time.
This technique has proved to be very
useful in the case of the multifidus
muscles,which fatigue more rapidly
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than the erector spinae muscles in low
back pain patients (Biederman et al
1991). Both the physiotherapist and
the patient can accurately tell ifthe
muscle is either not contracting or not
maintaining the level of contraction
required for the desired length of time.
In summary, the utilisation of real-
time ultrasound imaging for the
purpose of muscle re-education has
been proposed. This new application is
technically not difficult, provided that
the operator has expertise in the
operation of ultrasound equipment and
familiarity with the topographical
cross-sectional anatomy of the relevant
region. Monitoring of muscle
activation requires far less expertise
than the precise measurement of
ffiusclesize.Oneof the reasons for this
is that dynamic studies are much easier
to interpret than still images. This is an
exciting and very potent form of
biofeedback for muscle re-education,
for both the patient and the
physiotherapist, and the possibilities
for future developments in this area are
extensive.
Conclusion
Ultrasonography has proved to be
useful in the investigation of
musculoskeletal pathology and may
play an important role in assessment
and monitoring of soft tissue injuries in
the future. The potential benefits of
the use of real-time ultrasound
imaging in rehabilitation include access
to both an accurate method of
measurement for assessing the
effectiveness of physiotherapy
intervention on the muscle system, and
a new method of muscle re-education
via visual feedback. Further research is
necessary to validate these techniques
before they can be universally adopted,
but the possible benefits are
considerable.
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